Pantoea stewartii subsp. stewartii, a Gram-negative proteobacterium, causes Stewart's wilt 10 disease in corn. Bacterial transmission to plants occurs primarily via the corn flea beetle insect 11 vector, which is native to North America. P. stewartii DC283 is the wild-type reference strain most 12 used to study pathogenesis. Previously the complete genome of P. stewartii was released. Here, 13 the method whereby the genome was assembled is described in greater detail. Data from a mate-14 pair library preparation with 3.5 kilobase insert size and high-throughput sequencing from the 15 MiSeq Illumina platform, together with the available incomplete genome sequence of 16 AHIE00000000.1 (containing 65 contigs) was used. This work resulted in the complete assembly 17 of one circular chromosome, ten circular plasmids and one linear phage from P. stewartii DC283.
INTRODUCTION
the DNA sequence during the synthesis of the prepared templates (http://www.illumina.com). 72 Mate-pair library preparation with large insertion size is a recent tool to improve the ability of the 73 Illumina platform (31, 32) to complete the assembly of genomes, since it permits the extension 74 and linkage of contigs terminated by long repetitive sequences (33) . For this study 250 bp reads 75 with a 3.5 kb insert were successfully used to generate linked contigs that were assembled into the 76 complete genome of P. stewartii DC283. This promoted the analysis of essential genes in planta 77 via Tn-Seq (22), facilitated a detailed analysis of the genome and revealed some distinctive 78 features of interest in this genome.
79

MATERIALS AND METHODS
80
Library preparation and Illumina sequencing. 81 P. stewartii DC283 was grown in 5 ml Luria Bertani (LB) medium (10 g/l tryptone, 5 g/l 82 yeast extract, and 5 g/l NaCl) overnight and DNA was extracted using a QIAgen DNeasy Blood 
87
The mate-pair library construction was performed using the Illumina Nextera Mate-Pair protocol, 88 gel plus method. Genomic DNA was fragmented and selected for a desired size (~3.5 kb) on a 89 Sage Science Pippin Prep using a 0.75% gel. These fragments were attached to labeled adapters at 90 the two ends before circularization. Shearing of these circular constructs into smaller DNA pieces 91 occurred on the Covaris m220 prior to an enrichment process for those fragments containing the 92 two adapters with flanking DNA. Finally, the library was quantified using qPCR (Kapa Kit) and 93 then pooled for sequencing on the MiSeq using a v2 500 cycle kit set to do 2X 250PE. The results 94 of sequencing data were ~250 bp reads that can be traced back to their mates that were physically 95 separated on the genomic DNA by ~3.5 kb.
96
Bioinformatics analysis. 97 Raw Illumina sequencing data was generated by the core sequencing facility in the form of 98 fastq files. These fastq files were imported into Geneious V9.1.2 (Biomatters Ltd.) for further 99 analysis. The mate-reads were first matched together using the 'Set Paired reads' function and then 100 assembled using the 'Map to Reference' function to the 65 contigs from AHIE00000000.1 as the 101 reference. Unmapped mate-pair reads were then de novo assembled to identify missing sequences 102 and rearrangements of the reference contigs. The end sequences of the contigs were then extended 103 ~3,500 bp by de novo assembling mate-pair reads where one mate maps to the last 3,500 bp of the 104 contig. The Geneious de novo assembly was used on unmapped reads to identify missing 105 sequences and link the gaps. Plasmids were identified and separated from the chromosomal DNA 106 based on their average read coverage, as well as their ability to be circularized at two ends of their 107 overlapping sequences.
108
Assembly confirmation via PCR. 109 Traditional PCR reactions were utilized to verify some of the connections between the 110 contigs during the assembly process. In particular, PCR reactions were designed to verify the 111 existence of the novel 66-kilobase (kb) sequence that resulted from the de novo assembly. Primers 112 were designed to have a similar melting temperature (approximately 60 o C) with a length between 113 20-30 bp in order to run them in parallel. Two pairs of forward and reverse primers were used to 114 verify the connection between the 66-kb sequence with the interior of contig AHIE01000008 115 (PSG-1F/ PSG-1R & PSG-2F/ PSG-2R, Table 1 ). OneTaq® 2X Master Mix with standard buffer 116 (New England Biolabs, USA) was used with a reaction volume of 15 μl and 667 nM of each primer.
117
The thermocycler settings were 30 s at 94 o C, 30 s at 55 o C, and 1m 45s at 72 o C for 30 cycles.
118
Amplicons were visualized on a 1% agarose gel and then extracted prior to sequencing to confirm 119 the generation of the proper products.
120
A QIAGEN® LongRange PCR kit (Qiagen, USA) was used to amplify the four identified 121 rRNA operons through bioinformatics analysis, which span approximately 6 kb, and to assist in 122 the determination of the direction of connections of the last three large assembled chromosomal 123 contigs whose ends contain multiple transposons, in addition one of these ends also had a rRNA 124 operon. See Table 1 for the primer sequences, which were designed as described above. A reaction . 145 The complete genome of P. stewartii DC283 consists of 5,314,092 bp (53.8% G+C content) 146 including 5,625 coding sequences, 73 tRNAs and 21 rRNAs (39). This genome includes one 147 circular chromosome, ten circular plasmids and one linear phage ( Table 2 ). The previous genome 148 assembly (AHIE00000000.1) consisting of 65 contigs was complicated by the large number of 149 repetitive transposon sequences that prematurely terminated contigs and introduced ambiguities in 150 the assembly. Our complete assembly identified 444 repetitive transposon sequences often 151 spanning ~1,500 bp that could nevertheless be bridged using the mate-pair reads with 3,500 bp 152 inserts. The mate-pair reads linked the ends of the previous 65 contigs and led to rearrangements 153 of the sequences in some of them. Table 3 summarizes some major features of the sequencing 154 results for the complete P. stewartii DC283 genome generated in this study in comparison with 155 the initial incomplete reference sequence (AHIE00000000.1).
156
Two type III secretion systems in P. stewartii are located on two separate mega-plasmids. 157 The main circular chromosome was assembled using multiple rounds of mate-pair 158 recognition and mapping, together with long-range PCR, to rearrange and connect most of the 159 contigs from the incomplete reference sequence (AHIE00000000.1). The same approach was used 160 to connect and circularize the remaining contigs of the incomplete genome into the 10 circular 161 plasmid sequences. Several of these sequences were highly similar to known P. stewartii plasmids 162 sequences, e.g. the closure of AHIE01000052 was found to be similar to pSW100 (35) and is now 163 known as pDSJ01 (4,277 bp), the closure of AHIE01000062 was found to be similar to pSW200 164 (36) and is now known as pDSJ02 (4,368 bp), and the closure of AHIE01000065 was found to be 165 similar to pSW800 (37) and is now known as pDSJ05 (34,447 bp). Preliminary annotation was 166 performed by rapid annotation using subsystem technology (RAST, http://rast.nmpdr.org/). This 167 approach was used to identify genes involving in the replication of plasmids (eg. repA) in the 168 circular sequences prior to submission to NCBI for final annotation. In addition, the amount of 169 read coverage determined during assembly was used to calculate the average copy number of each 170 plasmid in P. stewartii DC283. Ten separate plasmids with their copy numbers were identified and 171 renamed in order from smallest to largest according to their molecular mass ( Table 2 ). The small 172 plasmids pDSJ01 and pDSJ02 exist as intermediate-level copy numbers in P. stewartii while the 173 other plasmids and the linear phage-plasmid were present at lower copies per cell. The three mega-174 plasmids (size above 100 kb) have the lowest copy number, from 1-3 copies per cell.
175
The separation of the plasmids from the genomic DNA and their annotation revealed that 176 the two T3SS in P. stewartii DC283 are located on two separate mega-plasmids. Specifically, 177 genes related to the T3SS needed for the invasion of the insect host and colonization of the plant 178 host (9) are located in plasmid pDSJ08 and plasmid pDSJ10, respectively, in the complete genome.
179
Identification of a phage N15-like linear phage plasmid of P. stewartii. 180 There are a high number of sequence reads mapped to contig AHIE01000047 (46,532 bp) 181 in the draft genome having a coverage of ~1000X, which may correspond to approximately six 182 copies of this sequence in the P. stewartii DC283 genome. This contig also contains genes 183 encoding a partitioning system usually found in plasmid sequences. However, the contig end 184 extension using mate-pair reads did not result in a connection with any other contigs or self-185 circularization. This suggests that the sequence is a linear extrachromosomal DNA element present 186 in multiple copies. The annotation of this contig also showed a high number of phage-related 187 coding sequences. In addition, data from the blastx function on the NCBI website against non-188 redundant protein sequences (nr) database for this sequence showed some level of similarity to 189 coding sequences in a N15 prophage in Escherichia coli (38). Therefore, this contig-end fixed 190 sequence has been renamed as ppDSJ01 (47,186 bp) to represent a linear phage plasmid of P. 191 stewartii DC283 (Table 2) .
192
Multiple chromosomal prophage sequences found in P. stewartii genome. 193 When the sequenced reads were mapped to the draft contig AHIE01000008, an interesting Interestingly, a small amount of DNA sequence (~23 kb) from the incomplete genome was 267 not present in the newly assembled genome of P. stewartii DC283. This might have arisen through 268 technical discrepancies between the methods used to generate the two genome sequences.
269
Alternatively, these missing sequences may belong to unstable DNA molecules that led to genetic 270 content differences among the reference strains of P. stewartii DC283 after they were domesticated 271 in multiple laboratories for decades. The second reason seems to be probable for at least some of 272 these sequences when the annotation is taken into account. The majority of these genes code for 273 conjugative transfer components of plasmids, phage-related proteins, and transposon elements 274 (Table 4) . 275 The recognition of the 66-kb region missing in the reference genome and a mutation strain 276 (rscA deletion strain (25)) generated from our laboratory led to two findings. The first one is the 277 existence of this region in the genome which may be involved in several different metabolic 278 pathways since it contains 68 coding sequences. This also raised a concern about the stability of 
